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NDA/BLA # and Supplement# 212045
Applicant Hikma Pharmaceuticals USA, Inc
Date of Submission April 30, 2019
PDUFA Goal Date February 28, 2020
Established or Proper Name Naloxone HCl
Dosage Form Nasal spray

Applicant Proposed 
Indication/Populations

Emergency treatment of known or suspected opioid 
overdose, as manifested by respiratory and/ or central 
nervous system depression for adult and pediatric 
patients 

Applicant Proposed Dosing 
Regimen

One 8 mg spray into one nostril

Regulatory Action Complete Response

Background

This 505(b)(2) New Drug Application, submitted by Hikma (the “Applicant”), is for naloxone 
HCl nasal spray for the emergency treatment of known or suspected opioid overdose, as 
manifested by respiratory and/or central nervous system depression for adult and pediatric 
patients. The product is a single-use, drug-device combination product intended to be used in the 
community by laypersons to rescue patients experiencing life-threatening effects of an accidental 
or intentional opioid overdose while awaiting emergency medical attention. 

The Applicant references Narcan (naloxone HCl; NDA 16636), an injectable formulation of 
naloxone that was approved on April 13, 1971 and is available for subcutaneous (SC), 
intramuscular (IM), and intravenous (IV) use for the complete or partial reversal of opioid 
depression, including respiratory depression, induced by natural and synthetic opioids.

Although Narcan was discontinued from marketing, the Agency determined that it was not 
withdrawn for reasons of safety or effectiveness (74 FR 22751). Therefore, the Applicant was 
able to use it as the reference drug for their application, and they used a generic naloxone product 
to perform two comparative bioavailability studies to create a scientific bridge to their NDA for 
Narcan to establish the safety and efficacy of naloxone nasal spray for the proposed indication. 
In addition, this NDA relied on the published literature to support the safety of the product in 
adults as well as the safety and efficacy in the pediatric population.
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In her CDTL Memo, Dr. Pamela Horn notes the following differences between Narcan and 
naloxone nasal spray that have been addressed in her review:

1. Naloxone spray is a change in the route of administration from IV, IM, or SC injection to 
intranasal route. The intranasal route of administration differs in its pharmacokinetic 
profile compared to the approved parenteral routes. It is therefore important to confirm 
that naloxone nasal spray achieves comparable or greater systemic exposures to naloxone 
as compared to Narcan, particularly in the period immediately after drug administration, 
as this represents a critical period in which the patient’s opioid overdose must be reversed 
to avoid irreversible injury or death

2. This new formulation is intended to come in contact with the nasal mucosa and the 
formulation contains ethanol. Therefore, the Applicant evaluated the potential for local 
toxicity in the relative bioavailability studies. 

3. Narcan nasal spray represents a change in the intended use setting. Narcan is generally 
used in healthcare settings by healthcare professionals, whereas naloxone nasal spray is 
intended to be used in a community setting by laypersons. The Applicant was advised 
during development that a human factors evaluation to support use in this different 
setting is required for product approval. 

4. Lastly, there are issues regarding the use in pediatric patients.  The proposed dosing for 
naloxone nasal spray is a fixed dose while Narcan labeling recommends weight-based 
dosing in pediatric patients. In addition, the presence of alcohol in the formulation 
necessitated a nonclinical juvenile toxicity assessment. 

Clinical Pharmacology Program

The Clinical Pharmacology review team recommends approval. Refer to Dr. Wei Qui’s review 
for details.

The clinical pharmacology database supporting this NDA consists of two
comparative bioavailability studies (Study INS012-17-108 and Study INS012-18-119). In
Study INS012-17-108, a single dose of Naloxone Nasal Spray 8 mg containing 20% or

% alcohol was compared with a single dose of 0.4 mg IM injection. In Study INS012-
18-119, a single dose of Naloxone Nasal Spray 8 mg containing 20% or % alcohol
was compared with a single dose of 0.4 mg IM injection and 2 mg IV injection. The final
to-be-marketed product (formulation and device) of Naloxone Nasal Spray 8 mg
containing 20% alcohol was used in both comparative bioavailability studies. 

Because the approved initial dose of Narcan injectable is from 0.4 mg to 2 mg in adults and rapid 
onset of action is critical for reversal of opioid overdose, the sponsor conducted these
comparative bioavailability studies to demonstrate that Naloxone Nasal Spray 8 mg
would provide comparable or higher naloxone exposure (e.g., Cmax, AUClast, and
AUC0-inf), and comparable or higher exposure during the early absorption phase (e.g.,
naloxone concentrations at 2 to 5 min post-dose) in comparison to the reference product
at the tested dose of 0.4 mg via IM injection. In addition, the comparison with a 2 mg IV 
injection was to, in part, support the systemic safety of the naloxone exposures achieved
with the proposed naloxone nasal spray 8 mg.
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The figures below summarize the pharmacokinetic profiles assessed in Studies INS012-17-108 
and INS012- 18-119.

Figure 1. Mean Plasma Concentration Profiles of Unconjugated Naloxone Following a 
Single Dose of Naloxone Nasal Spray 8 mg Containing 20% Alcohol (NS 8 mg) versus 0.4 
mg IM Injection (IM 0.4 mg) and 2 mg IV Injection (IV 2 mg) in Healthy Subjects 
(Panel A: 0 – 4 h and Panel B: 0 – 1 h) (Studies INS012-17-108 [Study I] and INS012- 18-
119 [Study II])

Dr. Wei noted the following:

1. In the two studies, a single dose of Naloxone Nasal Spray 8 mg containing 20% alcohol 
(the final to-be-marketed formulation) exhibits comparable median Tmax (15 min), greater 
unconjugated naloxone concentrations at all time points including earlier time points (i.e., 
2, 4, 6, 8, 10 min post-dose), 14-fold greater Cmax and 10-fold greater AUClast or AUC0-inf 
values than a single dose of 0.4 mg intramuscular (IM) injection, which is within the 
approved initial dose range (i.e., 0.4 to 2 mg) for the listed drug Narcan Injectable. The 
relative bioavailability of Naloxone Nasal Spray 8 mg containing 20% alcohol is 41.6 – 
47.4% in comparison to an IM injection based on dose normalized exposure.

2. A single dose of Naloxone Nasal Spray 8 mg containing 20% alcohol exhibits an 
unconjugated naloxone Cmax value of 12.8 ng/mL, which is lower than the unconjugated 
naloxone concentration at 2 min post-dose (26.2 ng/mL) for a single dose of the listed 
drug Narcan Injectable at 2 mg IV injection. The corresponding AUClast and AUC0-inf 
values for Naloxone Nasal Spray 8 mg containing 20% alcohol are 42% and 48% greater 
than the 2 mg IV injection, respectively. The absolute bioavailability is 36.6% for the 
Naloxone Nasal Spray 8 mg containing 20% alcohol in comparison to an IV injection 
based on dose normalized exposure.

The observation that greater naloxone concentrations were observed at the early time points 
addresses the requirement that naloxone nasal spray achieves comparable or greater systemic 
exposures to naloxone as compared to Narcan in the period immediately after drug 
administration, as this represents a critical period in which the patient’s opioid overdose must be 
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reversed. Therefore, the pharmacokinetic study data provide an adequate scientific bridge to rely 
on the Agency’s previous finding of efficacy.

However, while the Cmax data support reliance on the previous finding of safety, due to the 
higher AUC values compared to the reference product, the data do not provide a scientific bridge 
for safety to the previous Agency finding of safety for Narcan. The Applicant therefore relies on 
literature to support the safety of the proposed product. This is discussed below.

Clinical

Refer to Dr. Izabella Khachikyan’s review for details. The Clinical team recommends approval.

Efficacy

No new clinical efficacy studies were submitted with this NDA. The Applicant is referencing the 
NDA for Narcan (naloxone hydrochloride, NDA 16636), which is approved for known or 
suspected opioid overdose, to establish the efficacy of the proposed product.

Safety

As discussed above, because of the higher AUC values compared to Narcan, the Applicant could 
not rely on the Agency’s previous finding of safety to support this application. Therefore, they 
relied upon the literature and safety from the PK study. The safety of the naloxone nasal spray in 
the pediatric population is discussed further below.

Safety data were generated in 48 healthy adult volunteers from the two comparative 
bioavailability studies. These studies assessed routine clinical safety assessments as well as local 
assessments of the nasal cavity and olfactory nerve function.  

Review of the safety data from these two studies revealed no new safety signals with use of 8 mg 
nasal naloxone containing 20% of alcohol.  There were no deaths or serious adverse events in the 
healthy volunteers exposed to the investigational product. 

Seven subjects did report nasal irritation after receiving a dose of the drug. This will be conveyed 
in labeling. There were no other major safety concerns related to toxicity of the nasal cavity or 
olfactory nerve function.

The Applicant submitted a literature review to support the safety of the systemic exposures 
observed with 8 mg naloxone. Dr. Horn’s review states:

The literature supports the safety of naloxone at doses that would be expected to result in 
exposures far exceeding those observed for naloxone nasal spray.  Severe opioid withdrawal in 
the setting of reversing opioid overdose is a known risk for patients physically dependent on 
opioids.  The severity of the withdrawal may be associated with dose. Also, a 2020 publication 
in Annals of Emergency Medicine1 has reported an association of higher out-of-hospital 
naloxone doses with higher incidence of pulmonary complications after overdose.  However, 
these potential safety concerns are still outweighed by the benefit of reversing a life-threatening 
overdose.  Given that the Cmax of naloxone for this product was lower compared to the reference 
product 2 mg IV dose, it is anticipated that 8 mg naloxone nasal spray will have a risk of causing 
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severe opioid withdrawal that is comparable to the reference product when the reference product 
is dosed at the upper end of the approved dose range by the intravenous route.

Product Quality

Refer to the Product Quality Review authored by Dr. Sam Bain, Dr. Donna Christner, Dr. Jizhou 
Wang, Dr. Julia Pinto, Yeung Chan, Yaodong (Tony) Huang, Dr. Julia Marre, and Denise Miller. 
There are multiple, unresolved product quality issues that preclude approval. The team 
recommends a Complete Response.

These include issues related to the drug product, manufacturing process, microbiology, facilities 
review and inspection, and inadequate device information.

Refer to Dr. Pamela Horn’s CDTL for a summary of the issues. Refer to the Complete Response 
Letter for a detailed list of deficiencies with recommended paths forward.

Center for Devices and Radiologic Health (CDRH)

Refer to the CDRH Review by Matthew Ondeck.

CDRH recommends that the applicant be issued a CR letter with deficiencies related to the 
device constituent.

Pharmacology-toxicology

Refer to Dr. Carlic Huynh’s Review for complete details. Because the Applicant has not 
provided adequate extractable leachable data to permit a toxicological risk assessment of 
leachable compounds, Dr. Huynh recommends a Complete Response.

The to-be-marketed product contains 20% ethanol and  propylene glycol.  The total amount 
per dose for ethanol and propylene glycol does not exceed recommended daily limits for 
pediatric patients, except for the amount of ethanol in neonates (i.e.,  mg per spray) for 
which a safe limit has not been identified.  Therefore, in accordance with Agency guidance, the 
applicant conducted a juvenile animal study in rats with a human equivalent age of a preterm 
neonate to identify a NOAEL of naloxone and excipients and to fully characterize the potential 
local and systemic toxicity of these components in pediatric patients, particularly with respect to 
ethanol and propylene exposure and the effects on the CNS.  The juvenile rat study dosed rat 
pups with 0, 1.6, 2.4, or 3.2 mg/day naloxone using 2 concentrations of alcohol (20% and %) 
in combination with  propylene glycol as well as a saline control intranasally in divided 
doses, one per nostril as a single daily dose with a 28-day recovery period.  All groups were 
examined for neurohistopathology, sexual maturity, social behavior, and learning and memory at 
appropriate timepoints and there were no effects from intranasal administration of naloxone or 
excipients on any of these endpoints.   

Human Factors
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Refer to Dr. Jason Flint’s Review for complete details. There is one human factors deficiency. 
The Applicant has not provided sufficient data to support the design of the proposed user 
interface submitted in the marketing application. Dr. Flint recommends a Complete Response.

Pediatric and Maternal Health

Refer to Dr. Erica Radden’s Review for details. The team’s assessment supports a 
recommendation of approval.

Because naloxone nasal spray represents a change in the dosing regimen from weight-based in 
the reference Narcan label to an 8 mg fixed dose, the Applicant is required to conduct a pediatric 
assessment under the Pediatric Research Equity Act (PREA). The safety of all naloxone products 
being developed is expected to be supported down to birth. The applicant submitted a pediatric 
assessment for pediatric patients from birth to less than 17 years of age. The safety assessment 
included review of the pharmacokinetic data, safety and dosing data available in the literature, a 
juvenile animal toxicology study, and a human factors study in adolescents 12 years of age and 
older.

According to Dr. Radden, the PK assessment and literature data adequately demonstrate the 
safety and effectiveness of the proposed dose of naloxone for all pediatric age ranges, including 
neonates. Additionally, the proposed device and administration volume is identical to that 
approved for Narcan Nasal Spray, which also supports the safe and effective administration of 
the proposed product to pediatric patients, including neonates.  Given the one-time use in an 
emergency setting with negative findings on the juvenile animal studies and acceptable safety 
profile, the risk benefit of this product for pediatric patients down to birth is favorable. The 
limitations of this single dose nasal spray product, including delayed or erratic absorption, for 
pediatric patients are clearly communicated in Section 8.4 of the proposed label.

The review noted that the Applicant’s human factors study used an adult-sized mannequin, and 
that including mannequins that resemble infants and neonates and caregiver of younger children 
would more fully assess proper dosing delivery to the proposed population.

DAAP presented the pediatric assessment to the Pediatric Review Committee (PeRC) on January 
28, 2020.  Although a Human Factors evaluation was not part of the agreed Pediatric Study Plan 
reviewed and agreed to by PeRC in 2018, the PeRC, in the 2020 meetings, recommended that 
the Division request that the Applicant conduct human factor studies that assess use in infants 
and include caregivers of infants. However, PeRC acknowledged that if these studies were not 
previously requested it may be difficult to request them now. Therefore, the Division will discuss 
the review of the human factors study and future study plan design with the Division of 
Medication Error Prevention and Analysis.  PeRC also recommended that the Division consider 
these recommendations in the design of human factors studies for future naloxone product 
development as well. 

Labeling

Reference ID: 4567881



Recommended revisions to the Applicant’s proposed label will accompany the CR letter.

Conclusion

Because of the multiple deficiencies identified by the review team, I concur with their 
recommendation that this application cannot be approved at this time.

Reference ID: 4567881



--------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically. Following this are manifestations of any and all
electronic signatures for this electronic record.
--------------------------------------------------------------------------------------------
/s/
------------------------------------------------------------

NAOMI N LOWY
02/28/2020 08:14:57 AM

Signature Page 1 of 1

Reference ID: 4567881



Cross Discipline Team Leader Review

NDA 212045 Cross Discipline Team Leader Review 
February 7, 2020

1

Cross-Discipline Team Leader Review

Date 2/6/2020
From Pamela Horn, MD
Subject Cross-Discipline Team Leader Review
NDA/BLA # and Supplement# 212045
Applicant Hikma Pharmaceuticals USA, Inc
Date of Submission April 30, 2019
PDUFA Goal Date February 28, 2020
Proprietary Name 
Established or Proper Name Naloxone HCl
Dosage Form(s) Nasal spray

Applicant Proposed 
Indication(s)/Population(s)

Emergency treatment of known or suspected opioid 
overdose, as manifested by respiratory and/ or central 
nervous system depression for adult and pediatric 
patients 

Applicant Proposed Dosing 
Regimen(s)

One 8 mg spray into one nostril

Recommendation on Regulatory 
Action

Complete Response

Recommended 
Indication(s)/Population(s) (if 
applicable)
Recommended Dosing 
Regimen(s) (if applicable)

1. Benefit-Risk Assessment

Benefit-Risk Assessment Framework
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Benefit-Risk Integrated Assessment

Naloxone is a nonselective opioid receptor antagonist with the greatest affinity for the mu-opioid receptor.  It is used to reverse life-threatening opioid 
overdose and prevent hypoxia associated with injury and death. 
Opioid overdose is a major problem in the United States. It contributes to a significant number of accidental deaths. Centers for Disease Control and 
Prevention (CDC) data indicated that in 2017 opioids were involved in 47,600 overdose deaths (67.8% of all drug overdose deaths). Overdose can occur in 
patients and household contacts of a patient prescribed opioids by accidental exposure or through intentional misuse and abuse. Opioid overdose is 
characterized by life-threatening respiratory and central nervous system (CNS) depression that may lead to significant morbidity and mortality due to 
irreversible hypoxic injury. Death due to overdose from most opioids may be preventable with the immediate administration of an opioid antagonist such as 
naloxone.  It is known to be an effective treatment for suspected opioid overdose if an adequate dose is administered in time.  There are currently two FDA 
approved naloxone products for use in adults and pediatric patients in the community.  Evzio (naloxone hydrochloride injection; NDA 205787) was approved 
on April 3, 2014 and is a prefilled auto-injector for intramuscular and subcutaneous use that delivers a single 0.4 mg dose of naloxone hydrochloride per 
injection.  Narcan nasal spray (naloxone hydrochloride; NDA 208411) was approved on November 18, 2015 and is approved in a single-dose 2 mg and 4 mg 
strength. 
As more potent and faster onset synthetic opioids have been implicated in opioid overdose deaths in recent years, it has been hypothesized that larger 
doses of antagonist may be necessary than are available in currently approved single-dose devices to reverse the opioid overdose. The Applicant’s rationale 
for developing this 8 mg naloxone nasal spray is to make a product available for community use that delivers higher exposures than other products 
approved for community use.  The Applicant has not provided comparative efficacy, safety or pharmacokinetic data to the aforementioned products 
approved for community use to inform the potential role of this product in the existing armamentarium for treating opioid overdose.  
The efficacy of the proposed product is supported by a scientific bridge between the proposed product and the reference product, Narcan, through two 
pharmacokinetic (PK) studies. The Applicant submitted pharmacokinetic data that demonstrated that the pharmacokinetic profile of 8 mg Naloxone nasal 
spray containing 20% delivered naloxone at greater than the lowest approved dose of the reference product, particularly in the early critical time period 
after drug administration.  There are no clinical efficacy data for this product, no comparative efficacy data between this product and other approved 
naloxone products, and the application contains no evidence that this product will result in improved outcomes in reversing high potency synthetic opioids.
The Cmax value was lower than the Cmax for the highest labeled dose in the reference product but the AUC exceeded the highest labeled dose of the 
reference product.  Doses far exceeding those in the reference product are reported to have been well-tolerated in the literature and provide support for 
the safety of the product.  The main risks of naloxone are severe precipitated opioid withdrawal and associated cardiovascular risks.  Cardiac arrhythmias, 
cardiac arrest and death have been reported in postoperative reversal of opioid depression and have primarily occurred in patients with pre-existing 
cardiovascular disorders.  No major safety issues related to 8 mg Naloxone nasal spray with 20% alcohol were identified in the review. Common adverse 
events from the pharmacokinetic studies in healthy volunteers were dizziness, headache, presyncope, abdominal pain, asthenia, and nasal discomfort. The 
safety profile is acceptable. 
As with other approved naloxone products, the risk of acute opioid withdrawal is outweighed by the benefit of reversing a life-threatening overdose. 
Approval of 8 mg Naloxone nasal spray containing 20% of alcohol in the treatment of known or suspected opioid overdose in the adult and pediatric 
population is supported by the available evidence of efficacy and safety from a clinical perspective. 
However, due to CMC and device deficiencies, including lack of human factors data to demonstrate that the final finished combination product user 
interface would maximize the likelihood that the product will be safely and effectively used by intended users, a complete response is recommended.
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Benefit-Risk Dimensions

Dimension Evidence and Uncertainties Conclusions and Reasons 

Analysis of 
Condition

• Known or suspected opioid overdose is characterized by life-threatening 
respiratory and central nervous system (CNS) depression that may lead to 
irreversible hypoxic injury

• Opioid overdose contributes to a significant number of deaths that can 
occur in a variety of settings

• The majority of fatalities arise in non-medical facilities 
• Recent rates of increase in opioid overdose cases are highest for high 

potency synthetic opioids such as fentanyl and carfentanil

Opioid overdose is a serious life-threatening 
condition that contributes to a significant number 
of deaths. 

Current 
Treatment 

Options

• There are multiple drugs currently approved by FDA for the treatment of 
opioid overdose

• The duration of antagonists such as naloxone are generally shorter than the 
duration of action of most opioids

• Multiple naloxone administrations are sometimes required with high 
potency synthetic opioids 

There are FDA-approved treatment options for 
opioid overdose.  There may be a role for products 
with a higher dose or longer duration of action
Wide availability of high potency synthetic opioids 
in the community may require administration of 
multiple doses of naloxone
The treatment armamentarium would benefit from 
a naloxone formulation that delivers a fixed 
efficacious optimal initial dose intended to be used 
in all settings by anyone including non-medically 
trained individuals 

Benefit

• The efficacy of this product is supported by a scientific bridge between the 
proposed product and the reference product through two pharmacokinetic 
(PK) studies. The Applicant submitted pharmacokinetic data that 
demonstrated that the pharmacokinetic profile of 8 mg Naloxone nasal 
spray containing 20% delivered naloxone at greater than the lowest 
approved dose of the reference product, particularly in the early critical time 
period after drug administration.  

• The efficacy of this product in the entire pediatric age range is supported by 
literature

• There are no clinical efficacy data for this product to assess its efficacy in 
treating overdoses from high potency synthetic opioids

• There are no comparative efficacy data between this product and other 

The available data provide substantial 
evidence to support the effectiveness of 
naloxone nasal spray for the target adult and 
pediatric population.   The pharmacokinetic 
data do not raise concern that this product 
would result in delayed or inadequate 
exposure compared to other approved 
naloxone products
The application contains no evidence that this 
product will result in improved outcomes in 
reversing synthetic opioids compared to available 
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Dimension Evidence and Uncertainties Conclusions and Reasons 

approved naloxone products products

Risk and Risk 
Management 

• The most frequent adverse events with the 20% alcohol containing 
formulation from two PK trials were dizziness, headache, abdominal pain, 
presyncope, and nasal discomfort.

• All adverse events were mild to moderate in severity. 
• Nasal and olfactory tests results do not raise any clinically significant safety 

concerns.
• There were no deaths or serious adverse events
• There is literature support for the safety of the use doses exceeding the 

proposed dose for this product in adults and in the entire pediatric age 
range

• There are nonclinical toxicology data to support the safety of the 20% 
alcohol formulation in pediatric patients

• Recurrent respiratory and central nervous system depression with duration 
of action of opioid may exceed duration of action of naloxone

• Naloxone could potentially cause withdrawal symptoms in opioid-
dependent individuals; however, these symptoms are generally not life-
threatening in adults

• An association between pulmonary complications and higher naloxone 
doses has been reported in a recent publication 

• Proposed product labeling includes prominent language about the serious 
risks of precipitating acute opioid withdrawal in the neonate to mitigate 
the risk of precipitated withdrawal in this population.

• There are no comparative safety data between this product and other 
naloxone products to inform prescribing decisions when choosing a 
product for opioid reversal

There are no clinically significant safety concerns 
with use of 8 mg Naloxone containing 20% of 
alcohol for the proposed indication.
No additional safety information is needed in the 
postmarket setting and no postmarketing 
requirements are recommended.  
Routine pharmacovigilance is adequate to assess 
the postmarket safety experience, including the 
potential for this product to precipitate acute 
opioid withdrawal in opioid-dependent individuals.  
Additional measures to mitigate risk beyond the 
information provided in the labeling are not 
warranted.
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2.
B

ackground
H

ikm
a is the current A

pplicant for this new
 drug application (N

D
A

) for naloxone H
C

l nasal 
spray subm

itted under section 505(b)(2) of the Federal Food, D
rug, and C

osm
etic A

ct for the 
em

ergency treatm
ent of know

n or suspected opioid overdose, as m
anifested by respiratory 

and/ or central nervous system
 depression for adult and pediatric patients.  The nasal spray is a 

single-use, drug-device com
bination product proposed intended for use in the com

m
unity.  

Tw
o sprays are proposed to be included in each package.  It is designed for use in non-

healthcare settings by laypersons to rescue patients experiencing life-threatening effects of an 
accidental or intentional opioid overdose w

hile aw
aiting em

ergency m
edical attention.  The 

A
pplicant conducted the clinical developm

ent program
 under IN

D
s 126173 and 134954. 

A
pplication ow

nership w
as transferred from

 Insys to H
ikm

a after N
D

A
 subm

ission. 

The A
pplicant subm

itted bioavailability data to reference N
arcan (naloxone H

C
l; N

D
A

 
16636), an injectable form

ulation of naloxone. N
arcan w

as approved A
pril 13, 1971, and is 

available for subcutaneous, intram
uscular, and intravenous use for the com

plete or partial 
reversal of opioid depression, including respiratory depression, induced by natural and 
synthetic opioids, including propoxyphene, m

ethadone and certain m
ixed agonist-antagonist 

analgesics: nalbuphine, pentazocine, butorphanol, and cyclazocine. N
arcan has been 

discontinued from
 m

arketing; how
ever, the A

gency determ
ined that it w

as not w
ithdraw

n from
 

sale for reasons of safety or effectiveness (74 FR
 22751).  Therefore, the A

pplicant used a 
generic naloxone product in the pivotal relative bioavailability study to create a scientific 
bridge to their N

D
A

 for N
arcan to establish the safety and efficacy of naloxone nasal spray for 

the proposed indication.   In addition, this N
D

A
 is relying on the published literature to 

support the safety of the product in adults and the safety and efficacy of the product in the 
pediatric population.

The follow
ing differences betw

een naloxone nasal spray and N
arcan m

ust be addressed in the 
evaluation of this application.  

1.
N

aloxone nasal spray represents a change in the route of adm
inistration from

 
intravenous (IV

), intram
uscular (IM

), or subcutaneous (SC
) injection to intranasal (IN

). 
The intranasal route of adm

inistration differs in its pharm
acokinetic profile com

pared 
to the approved parenteral routes. It is therefore im

portant to confirm
 that naloxone 

nasal spray achieves com
parable or greater system

ic exposures to naloxone as 
com

pared to N
arcan, particularly in the period im

m
ediately after drug adm

inistration, 
as this represents a critical period in w

hich the patient’s opioid overdose m
ust be 

reversed to avoid irreversible injury or death
2.

This new
 form

ulation is intended to com
e in contact w

ith the nasal m
ucosa and the 

form
ulation contains ethanol. Therefore, the A

pplicant evaluated the potential for local 
toxicity in the relative bioavailability studies. 

3.
N

arcan nasal spray represents a change in the intended use setting. N
arcan is generally 

used in healthcare settings by healthcare professionals, w
hereas naloxone nasal spray is 

intended to be used in a com
m

unity setting by laypersons. The A
pplicant w

as advised 
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during developm
ent that a hum

an factors evaluation to support use in this different 
setting is required for product approval. 

4.
Lastly, there are issues regarding the use in pediatric patients.  The proposed dosing for 
naloxone nasal spray is a fixed dose w

hile N
arcan labeling recom

m
ends w

eight-based 
dosing in pediatric patients. In addition, the presence of alcohol in the form

ulation 
necessitated a nonclinical juvenile toxicity assessm

ent. 
.

5.
Product Q

uality  
There are unresolved product quality issues that preclude approval.  The Product Q

uality 
review

 w
as conducted by D

r. Sam
 B

ain, D
r. D

onna C
hristner, D

r. Jizhou W
ang, D

r. Julia 
Pinto, Y

eung C
han, Y

aodong (Tony) H
uang, D

r. Julia M
arre, and D

enise M
iller.   Portions of 

the sum
m

ary below
 are excerpted from

 the Integrated Q
uality A

ssessm
ent.  

•
G

eneral product quality considerations: 
D

rug Substance: U
SP has a m

onograph for the drug substance, N
aloxone 

H
ydrochloride. For the drug substance C

M
C

, the A
pplicant has referenced D

M
F 

, w
hich has been found adequate by the A

gency. The N
D

A
 includes the 

A
pplicant’s controls of the drug substance, w

hich include com
pliance w

ith U
SP 

m
onograph and IC

H
 guidelines, and critical aspects of the D

M
F holder’s specification. 

B
ased upon the current adequacy of the D

M
F and the inform

ation provided in the 
N

D
A

, the drug substance m
anufacturing process, characterization, shelf-life 

specification, container closure system
 and stability are satisfactory.  

D
rug Product: N

aloxone N
asal Spray finished drug product is a nasal spray 

form
ulation supplied in a unit dose nasal spray container. The spray device delivers 

about 100 μL of N
aloxone N

asal Spray, in turn delivering 8 m
g of N

aloxone 
H

ydrochloride per spray. There w
ere m

ultiple deficiencies identified in the drug 
product review

. Significant fluctuation for edetate disodium
 dihydrate (ED

TA
) across 

different tim
epoints and different batches w

as identified. The A
pplicant has com

m
itted 

to investigate the root reasons for the variation and re-validate the analytic m
ethods. 

H
ow

ever, the planned date to provide the required inform
ation is A

ugust 2020.  Issues 
in the extractables studies included discrepancies in calculation of m

axim
um

 daily 
doses and m

issing inform
ation about an extract.  Issues in the leachable studies 

included inadequate study design elem
ents, unacceptable and m

issing acceptance 
criteria, deficiencies in the analytical m

ethods and incom
plete docum

entation of 
m

ethod validation.  

M
anufacturing:  The drug product m

anufacturing 
 

 The follow
ing 

deficiencies w
ere identified during the review

: N
o scale up has been proposed, 

 
, IPC

 specifications for pH
, viscosity, and density w

ere 
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not provided, 
 

and extractable and leachable risks 
 have not been 

sufficiently addressed.

M
icrobiology: This is a non-sterile, aqueous, non-preserved, single-use, nasal spray 

drug product; packaged in a unit-dose spray device that delivers the entire contents of 
the drug product in one spray (single-use). The A

pplicant provided adequate 
inform

ation to support the self-preserving nature, the routine release testing, and the 
stability testing of the drug product. The applicant has not m

anufactured exhibit 
batches at the new

ly proposed, H
ikm

a C
olum

bus, O
hio site and, therefore, there are no 

executed batch records for this new
 facility. It is expected that the A

pplicant w
ill 

provide these docum
ents in the future, as part of a resubm

ission. 

•
Facilities review

/inspection: The drug substance m
anufacturing facility has experience 

m
anufacturing the A

PI and is currently cG
M

P com
pliant and is deem

ed approvable at 
this tim

e.  G
iven this is a high-risk drug-device com

bo product and site transfer 
activities include transport of equipm

ent, IQ
/O

Q
/PQ

 of m
anufacturing line, and 

production of 3 new
 exhibit batches, a PA

I w
as requested by O

PM
A

 and C
D

R
H

 
review

ers. H
ow

ever, as the new
 facility w

ill not be ready for the inspection until June 
30, 2020, a com

plete response has been recom
m

ended by O
PM

A
/O

PQ
 and C

D
R

H
 

review
ers  

•
O

ther notable issues (resolved or outstanding): 

The subm
ission did not include adequate inform

ation on the device constituent parts of 
the com

bination product, w
hich is a nasal spray device.  

The follow
ing im

age of the device is from
 p. 6 of the review

:
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eference ID

: 4558043

(b) (4)

(b) (4)

(b) (4)



C
ross D

iscipline Team
 Leader R

eview

NDA 212045 Cross Discipline Team
 Leader Review

 
February 7, 2020

8

 The nasal spray is designed to deliver a single dose w
ithout prim

ing and cannot be 
reused.  The review

 covered the follow
ing topics: labeling, design control sum

m
ary, 

risk analysis, design verification, and facilities and quality system
s.  H

um
an factors 

validation w
as discussed in the review

, but the final recom
m

endations w
ere deferred to 

the C
D

ER
/D

M
EPA

 review
 team

.  The review
 team

 recom
m

ends a com
plete response 

due to the follow
ing deficiencies:

1.
A

dditional inform
ation about the C

A
PA

 procedure is required to assess its 
adequacy. 

2.
There are several outstanding inform

ation requests.  The Sponsor plans to 
respond at the end of June 2020, after the PD

U
FA

 goal date. See the C
D

R
H

 
review

 for details.

Insufficient inform
ation w

as provided to support a hum
an factors review

 during the 
review

 cycle.  The D
ivision of M

edication Error Prevention and A
nalysis (D

M
EPA

) 
noted in their labeling review

 that the results of the H
F validation study w

ere not 
subm

itted and that the current A
pplicant has given an estim

ated subm
ission date for 

these results of M
arch 2020.  

6.
N

onclinical Pharm
acology/Toxicology

The final nonclinical review
 is pending.  

The prelim
inary conclusions of the nonclinical review

 w
ith respect to the juvenile rat study are 

relevant to the benefit-risk profile of the product in neonates and are sum
m

arized here.  The to-
be-m

arketed product contains 20%
 ethanol and

 propylene glycol.  The total am
ount per 

dose for ethanol and propylene glycol does not exceed recom
m

ended daily lim
its for pediatric 

patients, except for the am
ount of ethanol in neonates (i.e., 

 m
g per spray) for w

hich a 
safe lim

it has not been identified.  Therefore, in accordance w
ith A

gency guidance, the 
applicant conducted a juvenile anim

al study in rats w
ith a hum

an equivalent age of a preterm
 

neonate to identify a N
O

A
EL of naloxone and excipients and to fully characterize the potential 

local and system
ic toxicity of these com

ponents in pediatric patients, particularly w
ith respect 

to ethanol and propylene exposure and the effects on the C
N

S.  The juvenile rat study dosed 
rat pups w

ith 0, 1.6, 2.4, or 3.2 m
g/day naloxone using 2 concentrations of alcohol (20%

 and 
%

) in com
bination w

ith
 propylene glycol as w

ell as a saline control intranasally in 
divided doses, one per nostril as a single daily dose w

ith a 28-day recovery period.  A
ll groups 

w
ere exam

ined for neurohistopathology, sexual m
aturity, social behavior, and learning and 

m
em

ory at appropriate tim
epoints and there w

ere no effects from
 intranasal adm

inistration of 
naloxone or excipients on any of these endpoints.   

7.
C

linical Pharm
acology

The C
linical Pharm

acology review
 w

as conducted by D
r. W

ei Q
ui and D

r. Y
un X

u.  The 
application has been found acceptable from

 the clinical pharm
acology perspective.  

The follow
ing key findings are excerpted from

 D
r. Q

ui’s review
.  
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1.
In tw

o com
parative bioavailability studies, a single dose of N

aloxone N
asal Spray 8 

m
g containing 20%

 alcohol (the final to-be-m
arketed form

ulation) exhibits 
com

parable m
edian Tm

ax (15 m
in), greater unconjugated naloxone concentrations 

at all tim
e points including earlier tim

e points (i.e., 2, 4, 6, 8, 10 m
in post-dose), 

14-fold greater C
m

ax and 10-fold greater A
U

C
last or A

U
C

0-inf values than a 
single dose of 0.4 m

g intram
uscular (IM

) injection, w
hich is w

ithin the approved 
initial dose range (i.e., 0.4 to 2 m

g) for the listed drug N
arcan Injectable. The 

relative bioavailability of N
aloxone N

asal Spray 8 m
g containing 20%

 alcohol is 
41.6 – 47.4%

 in com
parison to an IM

 injection based on dose norm
alized exposure.

2.
A

 single dose of N
aloxone N

asal Spray 8 m
g containing 20%

 alcohol exhibits an 
unconjugated naloxone C

m
ax value of 12.8 ng/m

L, w
hich is low

er than the 
unconjugated naloxone concentration at 2 m

in post-dose (26.2 ng/m
L) for a single 

dose of the listed drug N
arcan Injectable at 2 m

g IV
 injection. The corresponding 

A
U

C
last and A

U
C

0-inf values for N
aloxone N

asal Spray 8 m
g containing 20%

 
alcohol are 42%

 and 48%
 greater than the 2 m

g IV
 injection, respectively. The 

absolute bioavailability is 36.6%
 for the N

aloxone N
asal Spray 8 m

g containing 
20%

 alcohol in com
parison to an IV

 injection based on dose norm
alized exposure.

The observation that greater naloxone concentrations w
ere observed at the early tim

e points 
addresses the requirem

ent that naloxone nasal spray achieves com
parable or greater system

ic 
exposures to naloxone as com

pared to N
arcan in the period im

m
ediately after drug 

adm
inistration, as this represents a critical period in w

hich the patient’s opioid overdose m
ust 

be reversed.  

These early tim
e points are included in figure 1 of the review

:

Figure 1 M
ean Plasm

a C
oncentration Profiles of U

nconjugated N
aloxone Follow

ing a Single 
D

ose of N
aloxone N

asal Spray 8 m
g C

ontaining 20%
 Alcohol (N

S 8 m
g) versus 0.4 m

g IM
 

Injection (IM
 0.4 m

g) and 2 m
g IV Injection (IV 2 m

g) in H
ealthy Subjects

(Panel A: 0 – 4 h and Panel B: 0 – 1 h) (Studies IN
S012-17-108 [Study I] and IN

S012-18-119 
[Study II])

The observation that the A
U

C
 values are higher for naloxone nasal spray than the reference 

naloxone 2 m
g IV

 is also depicted in figure 1.  The pharm
acokinetic study data provide an 

adequate scientific bridge to rely on the A
gency’s previous finding of efficacy.  H

ow
ever, 

w
hile the C

m
ax data support reliance on the previous finding of safety, due to the higher A

U
C
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values com
pared to the reference product, the data do not provide a scientific bridge to the 

previous A
gency finding of safety for N

arcan. See the section on clinical safety for a 
discussion of literature support for the safety of the proposed product.

8.
C

linical M
icrobiology 

N
ot applicable

9.
C

linical/Statistical- Efficacy
The clinical review

 w
as conducted by D

r. Izabella K
hachikyan.  N

o new
 clinical efficacy 

studies w
ere subm

itted in support of this application. The A
pplicant is referencing the N

D
A

 
for N

arcan (naloxone hydrochloride, N
D

A
 16636), w

hich is approved for know
n or suspected 

opioid overdose, to establish the efficacy of the proposed product.

10.
Safety

Safety data w
ere generated in 48 health adult volunteers from

 tw
o clinical pharm

acology 
studies, IN

S012-17-108 and IN
S012-18-119, using the to-be-m

arketed form
ulation.  These 

studies included routine clinical safety assessm
ents as w

ell as local assessm
ents of the nasal 

cavity and olfactory nerve function.  See D
r. K

hachikyan’s review
 for details of the study 

design and safety assessm
ents.  R

eview
 of the safety data from

 pharm
acokinetic studies 

IN
S012-17-108 and IN

S012-18-119 revealed no new
 safety signals w

ith use of 8 m
g nasal 

naloxone containing 20%
 of alcohol.   There w

ere no deaths or serious adverse events in the 
healthy volunteers exposed to the investigational product.  C

om
m

on adverse reactions w
ere 

dizziness, headache, presyncope, abdom
inal pain, asthenia, and nasal discom

fort.

R
eview

 of local safety assessm
ents of the nasal cavity and olfactory nerve function did not 

raise any safety concerns. 

D
r. K

hachikyan concluded that the nasal irritation assessm
ent tool and m

onitoring are 
adequate to evaluate the potential for local toxicity. M

ost subjects had no nasal irritation. 
Erosions w

ere not observed in any subjects. O
ne subject had m

inor bleeding that resolved 
w

ithin a m
inute w

ith no intervention. Seven subjects reported nasal irritation after 8 m
g nasal 

naloxone w
ith 20%

 of alcohol.  The risk is acceptable given the potentially life-saving benefits 
of this m

edication. The A
pplicant w

ill be advised to add a description of the nasal irritation 
observed in the studies in the product label. 

O
ne subject had a treatm

ent-em
ergent abnorm

al olfactory test result after the introduction of 
the study drug.  The abnorm

al result w
as after receiving the 

%
 alcohol form

ulation and not 
the 20%

 alcohol form
ulation that is proposed for m

arketing. O
lfactory test results do not raise 

any significant safety concerns.

The A
pplicant subm

itted a literature review
 to support the safety of the system

ic exposures 
observed w

ith 8 m
g naloxone. The previous finding of safety for N

arcan in adults covers the 

R
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C
m

ax observed in the pharm
acokinetic studies.  H

ow
ever, the A

U
C

 observed exceeded that of 
the reference product and thus the pharm

acokinetic study data do not provide a scientific 
bridge to the previous A

gency finding of safety for N
arcan.  The literature, as sum

m
arized in 

the A
pplicant’s Sum

m
ary of C

linical Safety section 5.10, support the safety of naloxone at 
doses that w

ould be expected to result in exposures far exceeding those observed for naloxone 
nasal spray.  Severe opioid w

ithdraw
al in the setting of reversing opioid overdose is a know

n 
risk for patients physically dependent on opioids.  The severity of the w

ithdraw
al m

ay be 
associated w

ith dose. A
lso, a 2020 publication in A

nnals of Em
ergency M

edicine
1 has reported 

an association of higher out-of-hospital naloxone doses w
ith higher incidence of pulm

onary 
com

plications after overdose.  H
ow

ever, these potential safety concerns are still outw
eighed by 

the benefit of reversing a life-threatening overdose.  G
iven that the C

m
ax of naloxone for this 

product w
as low

er com
pared to the reference product 2 m

g IV
 dose, it is anticipated that 8 m

g 
naloxone nasal spray w

ill have a risk of causing severe opioid w
ithdraw

al that is com
parable 

to the reference product w
hen the reference product is dosed at the upper end of the approved 

dose range by the intravenous route.  

11.
A

dvisory C
om

m
ittee M

eeting 
There w

as no advisory com
m

ittee m
eeting held for this drug product. 

12.
Pediatrics

The final D
ivision of Pediatric and M

aternal H
ealth pediatric consult review

 is pending.  
N

arcan is approved for use in the entire pediatric age range.  B
ecause naloxone nasal spray 

represents a change in the dosing regim
en from

 w
eight-based in the reference N

arcan label to 
an 8 m

g fixed dose, the A
pplicant is required to conduct a pediatric assessm

ent under the 
Pediatric R

esearch Equity A
ct (PR

EA
).  The prelim

inary conclusion of the pediatric review
 

team
 is that given the one-tim

e use in an em
ergency setting w

ith negative findings on the 
juvenile anim

al studies and acceptable safety profile, the risk benefit of this product for 
pediatric patients dow

n to birth is favorable.  The application w
as discussed at the January 28, 

2020 Pediatric R
eview

 C
om

m
ittee M

eeting and the C
om

m
ittee agreed w

ith the review
 team

 
that the pediatric assessm

ent w
as adequate to support approval of this product for pediatric 

patients dow
n to birth.  

13.
O

ther R
elevant R

egulatory Issues 
•

N
ot applicable

1 Ann Em
erg M

ed. 2020 Jan;75(1):39-48. doi: 10.1016/j.annem
ergm

ed.2019.04.006. Epub 2019 Jun 8. 
Pulm

onary Com
plications of Opioid Overdose Treated W

ith Naloxone

R
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14.
Labeling 

The D
M

EPA
 review

 of the container label, carton labeling, and Instructions for U
se have been 

deferred pending subm
ission of the results of the H

um
an Factors validation study.  D

r. 
C

am
eron Johnson and D

r. O
tto Tow

nsend of D
M

EPA
 provided recom

m
endations on the 

proposed proprietary nam
e and prescribing inform

ation.  The proposed proprietary nam
e w

as 
found not to be acceptable because it is vulnerable to nam

e confusion.  

A
dditionally, the D

ivision of Pediatric and M
aternal H

ealth (D
PM

H
) w

as consulted regarding 
the proposed pregnancy, lactation, and pediatric sections of labeling. D

PM
H

 provided 
recom

m
endations for the proposed labeling.

Labeling is ongoing at the tim
e of this w

riting, and specific recom
m

endations have been m
ade 

in the relevant sections of this review
.  

15.
Postm

arketing R
ecom

m
endations

Risk Evaluation and M
anagem

ent Strategies (REM
S)

A
 R

EM
S is not recom

m
ended at this tim

e.  

Postm
arketing Requirem

ents (PM
Rs) and C

om
m

itm
ents (PM

C
s)

N
o PM

R
s or PM

C
s are recom

m
ended at this tim

e.

16.
R

ecom
m

ended C
om

m
ents to the A

pplicant
R

efer to the Integrated Q
uality A

ssessm
ent for a list of Product Q

uality deficiencies to be 
included in the C

om
plete R

esponse Letter.  

1.
R

esults of a hum
an factors validation study are required to inform

 the safe use and 
labeling of the product.  The hum

an factors validation study m
ust dem

onstrate that the 
final finished com

bination product user interface w
ill m

axim
ize the likelihood that the 

product w
ill be safely and effectively used by intended users.

Provide the results of the hum
an factors validation study and updated labeling.  
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u

, kap
p

a, an
d

 sigm
a 

o
p

iate recep
to

r sites in
 th

e C
en

tral N
ervo

u
s System

 (C
N

S). 
 N

alo
xo

n
e n

asal sp
ray is a sin

gle
-u

se, d
ru

g-d
evice co

m
b

in
atio

n
 p

ro
d

u
ct in

ten
d

ed
 fo

r u
se in

 th
e 

co
m

m
u

n
ity. Th

e A
p

p
lican

t p
ro

p
o

se
s to

 m
arket N

alo
xo

n
e n

asal sp
ray u

sin
g th

e co
m

m
ercially 

availab
le d

evice fro
m

 th
e d

evice m
an

u
factu

rer 
 in

 o
n

e stren
gth

 (8
 m

g) th
at d

elivers 1
0

0 μ
l 

in
 a sin

gle in
tran

asal sp
ray an

d
 is fo

r u
se in

 p
atien

ts o
f all ages, b

o
th

 ad
u

lts an
d

 ch
ild

ren
. Th

e 
A

p
p

lican
t p

lan
s to

 rely o
n

 th
e p

revio
u

s fin
d

in
gs o

f efficacy an
d

 safety fo
r th

e referen
ce p

ro
d

u
ct, 

N
arcan

 (N
D

A
 0

1
66

3
6

), w
h

ich
 is ap

p
ro

ved
 fo

r kn
o

w
n

 o
r su

sp
ected

 o
p

io
id

 o
verd

o
se

. Tw
o

 
p

h
arm

aco
kin

etic (P
K

) stu
d

ies w
ere su

b
m

itted
 to

 p
ro

vid
e a scien

tific b
rid

ge b
etw

een
 th

e 
p

ro
p

o
se

d
 p

ro
d

u
ct an

d
 th

e referen
ce p

ro
d

u
ct. 

 C
o

n
clu

sio
n

s o
n

 th
e

 S
u

b
sta

n
tia

l E
v

id
e

n
ce

 o
f E

ffe
ctiv

e
n

e
ss   

 Th
e A

p
p

lican
t h

as su
p

p
o

rted
 efficacy o

f 8
 m

g N
alo

xo
n

e b
y d

em
o

n
stratin

g co
m

p
arab

le (o
r 

h
igh

er) p
h

arm
aco

kin
e

tics in
 h

ealth
y vo

lu
n

tee
rs in

 relatio
n

 to
 an

 ap
p

ro
ved

 ro
u

te o
f 

ad
m

in
istratio

n
 o

f n
alo

xo
n

e
.       

Th
e 8

 m
g N

arcan
 w

ith
 2

0
%

 alco
h

o
l d

em
o

n
strated

 h
igh

er system
ic exp

o
su

re to
 n

alo
xo

n
e in

 
co

m
p

ariso
n

 to
 th

e referen
ce d

ru
g 0

.4
 m

g IM
 d

o
se, 1

4
-fo

ld
 greater C

m
ax, an

d
 1

0
-fo

ld
 greater 

A
U

C
s.  Th

e C
m

ax o
f th

e 8 m
g N

arcan
 w

ith
 20

%
 alco

h
o

l d
id

 n
o

t excee
d

 th
at o

f th
e 2

 m
g IV

 
in

jectio
n

, b
u

t th
e co

rresp
o

n
d

in
g A

U
C

last an
d

 A
U

C
0

-in
f valu

es w
ere 4

2
 an

d
 4

8
%

 greater th
an

 a 
sin

gle 2 m
g IV

 in
jectio

n
.  In

 ad
d

itio
n

 to
 referen

cin
g th

e safety o
f N

arcan
, th

e A
p

p
lican

t 
su

p
p

o
rted

 th
e safety o

f th
e p

ro
d

u
ct w

ith
 a literatu

re review
 in

d
icatin

g a w
id

e safety m
argin

 fo
r 

u
se o

f n
alo

xo
n

e fo
r th

e treatm
en

t o
f resp

irato
ry d

ep
ressio

n
 seco

n
d

ary to
 o

p
io

id
 o

verd
o

se
.
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V
ersio
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a
te: Sep

tem
b

er 6
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0
1

7
 fo

r a
ll N

D
A

s a
n

d
 B

LA
s 

 B
e

n
e

fit-R
isk

 A
sse

ssm
e

n
t 

 

B
en

efit-R
isk In

te
grate

d
 A

sse
ssm

en
t 

N
alo

xo
n

e is a n
o

n
se

le
ctive o

p
io

id
 rece

p
to

r an
tago

n
ist w

ith
 th

e greate
st affin

ity fo
r th

e m
u

-o
p

io
id

 rece
p

to
r d

evelo
p

ed
 to

 reverse
 

life
-th

reate
n

in
g o

p
io

id
 o

verd
o

se an
d

 p
reven

t h
yp

o
xia asso

ciate
d

 w
ith

 in
ju

ry an
d

 d
eath

. Th
e review

er te
n

tatively reco
m

m
en

d
s a 

co
m

p
lete

 resp
o

n
se

 o
n

 th
e b

asis o
f d

eficien
cies in

 o
th

er d
iscip

lin
es.  R

efer to
 th

e resp
ective d

iscip
lin

e revie
w

s fo
r d

etails. 
O

p
io

id
 o

verd
o

se is a m
ajo

r p
ro

b
lem

 in
 th

e U
n

ited
 State

s. It co
n

trib
u

te
s to

 a sign
ifican

t n
u

m
b

er o
f accid

en
tal d

eath
s. C

e
n

ters fo
r 

D
ise

ase
 C

o
n

tro
l an

d
 P

reven
tio

n
 (C

D
C

) d
ata in

d
icate

d
 th

at in
 2

0
17

 o
p

io
id

s w
ere in

vo
lved

 in
 4

7
,6

0
0

 o
verd

o
se d

eath
s (67

.8%
 o

f all 
d

ru
g o

verd
o

se d
eath

s). O
verd

o
se can

 o
ccu

r in
 h

o
u

se
h

o
ld

 co
n

tacts o
f a p

atien
t p

rescrib
ed

 o
p

io
id

s b
y accid

en
tal exp

o
su

re o
r 

th
ro

u
gh

 in
te

n
tio

n
al m

isu
se

 an
d

 ab
u

se
. O

p
io

id
 o

verd
o

se is ch
aracterize

d
 b

y life
-th

reate
n

in
g resp

irato
ry an

d
 ce

n
tral n

ervo
u

s 
system

 (C
N

S) d
ep

ressio
n

 th
at m

ay lead
 to

 sign
ifican

t m
o

rb
id

ity an
d

 m
o

rtality d
u

e to
 irreversib

le h
yp

o
xic in

ju
ry. D

eath
 d

u
e to

 
o

verd
o

se fro
m

 m
o

st o
p

io
id

s m
ay b

e p
reven

tab
le w

ith
 th

e im
m

ed
iate

 ad
m

in
istratio

n
 o

f an
 o

p
io

id
 an

tago
n

ist su
ch

 as n
alo

xo
n

e.  
It is kn

o
w

n
 to

 b
e an

 effective treatm
en

t fo
r su

sp
ected

 o
p

io
id

 o
verd

o
se if an

 ad
eq

u
ate

 d
o

se is ad
m

in
istered

 in
 tim

e.  Th
ere are 

cu
rren

tly tw
o

 FD
A

 ap
p

ro
ved

 n
alo

xo
n

e p
ro

d
u

cts fo
r u

se
 in

 ad
u

lts an
d

 p
ed

iatric p
atien

ts in
 th

e co
m

m
u

n
ity: Evzio

 (n
alo

xo
n

e 
h

yd
ro

ch
lo

rid
e in

jectio
n

; N
D

A
 2

0
5

7
87

) w
as ap

p
ro

ved
  o

n
 A

p
ril 3

, 2
0

1
4

, an
d

 is a p
refilled

 au
to

-in
jecto

r fo
r in

tram
u

scu
lar an

d
 

su
b

cu
tan

e
o

u
s u

se
 th

at d
elivers a sin

gle 0
.4

 m
g d

o
se o

f n
alo

xo
n

e h
yd

ro
ch

lo
rid

e p
er in

jectio
n

, an
d

 N
arcan

 (n
alo

xo
n

e 
h

yd
ro

ch
lo

rid
e; N

D
A

 2
0

84
1

1
) N

asal sp
ray w

as ap
p

ro
ved

 o
n

 N
o

vem
b

er 1
8

, 2
0

1
5

, an
d

 co
n

sists o
f a sin

gle
-d

o
se d

evice o
f 4 m

g d
o

se 
o

f n
alo

xo
n

e in
 0

.1 m
l.  

A
s m

o
re p

o
ten

t an
d

 faster o
n

se
t syn

th
etic o

p
io

id
s are

 b
ein

g im
p

licate
d

 in
 a gro

w
in

g p
ro

p
o

rtio
n

 o
f o

p
io

id
 o

verd
o

se d
eath

s, 
larger d

o
ses o

f an
tago

n
ist m

ay b
e n

ece
ssary th

an
 are availab

le in
 cu

rren
tly ap

p
ro

ved
 sin

gle
-d

o
se d

evices to
 reverse

 th
e o

p
io

id
 

o
verd

o
se. In

fo
rm

atio
n

 o
n

 rep
o

rts fro
m

 em
ergen

cy m
ed

ical se
rvices o

n
 m

u
ltip

le n
alo

xo
n

e ad
m

in
istratio

n
 (M

N
A

) su
ggested

 th
at 

th
e p

erce
n

tage o
f p

atien
ts rece

ivin
g M

N
A

 in
crease

d
 fro

m
 1

4
.5%

 in
 20

1
2 to

 1
8

.2
%

 in
 2

0
1

5
, w

h
ich

 rep
rese

n
ts a 2

6
%

 in
crease

 in
 

M
N

A
 in

 4
 years. So

m
e rese

arch
 h

as sh
o

w
n

 th
at th

e clin
ical resp

o
n

se
 tim

e w
ith

 cu
rren

tly availab
le N

alo
xo

n
e p

ro
d

u
cts w

as slo
w

er 
an

d
 m

o
re ad

m
in

istratio
n

s w
ere req

u
ired

 to
 ach

ieve th
e d

esired
 effect. Th

is in
fo

rm
atio

n
 raise

s th
e q

u
estio

n
 regard

in
g th

e o
verall 

effectiven
ess o

f cu
rren

t n
alo

xo
n

e d
o

sages given
 th

e rise
 in

 syn
th

etic o
p

io
id

 o
verd

o
se

.   
Th

e efficacy o
f th

e N
alo

xo
n

e p
ro

d
u

ct is su
p

p
o

rted
 b

y a scien
tific b

rid
ge b

etw
een

 th
e p

ro
p

o
sed

 p
ro

d
u

ct an
d

 th
e referen

ce 
p

ro
d

u
ct th

ro
u

gh
 tw

o
 p

h
arm

aco
kin

etic (P
K

) stu
d

ies. Th
e A

p
p

lican
t su

b
m

itte
d

 p
h

arm
aco

kin
etic d

ata th
at d

em
o

n
strate

d
 th

at th
e 
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LA
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p
h

arm
aco

kin
etic p

ro
file o

f 8 m
g N

alo
xo

n
e n

asal sp
ray co

n
tain

in
g 2

0
%

 d
elivered

 n
alo

xo
n

e at greate
r th

an
 th

e lo
w

est ap
p

ro
ved

 
d

o
se o

f th
e referen

ce
 p

ro
d

u
ct, p

articu
larly in

 th
e early critical tim

e p
erio

d
 afte

r d
ru

g ad
m

in
istratio

n
.  Th

ere are n
o

 clin
ical 

efficacy d
ata fo

r th
is p

ro
d

u
ct, n

o
 co

m
p

arative efficacy d
ata b

etw
een

 th
is p

ro
d

u
ct an

d
 o

th
er ap

p
ro

ved
 n

alo
xo

n
e p

ro
d

u
cts, an

d
 

th
e ap

p
licatio

n
 co

n
tain

s n
o

 evid
en

ce
 th

at th
is p

ro
d

u
ct w

ill resu
lt in

 im
p

ro
ved

 o
u

tco
m

es in
 reversin

g syn
th

etic o
p

io
id

s. 
Th

e C
m

ax valu
e w

as lo
w

er th
an

 th
e C

m
ax fo

r th
e h

igh
est lab

eled
 d

o
se in

 th
e referen

ce
 p

ro
d

u
ct b

u
t th

e A
U

C
 e

xce
ed

ed
 th

e 
h

igh
est lab

eled
 d

o
se o

f th
e referen

ce
 p

ro
d

u
ct.  D

o
ses far exceed

in
g th

o
se

 in
 th

e referen
ce

 p
ro

d
u

ct are rep
o

rte
d

 to
 h

ave b
een

 
w

ell-to
lerate

d
 in

 th
e literatu

re an
d

 p
ro

vid
e ad

d
itio

n
al su

p
p

o
rt fo

r th
e safety o

f th
e p

ro
d

u
ct.  Th

e m
ain

 risks o
f n

alo
xo

n
e are 

se
vere p

recip
itate

d
 o

p
io

id
 w

ith
d

raw
al an

d
 asso

ciate
d

 card
io

vascu
lar risks.  C

ard
iac arrh

yth
m

ias, card
iac arrest an

d
 d

eath
 h

ave 
b

een
 rep

o
rte

d
 in

 p
o

sto
p

erative reversal o
f o

p
io

id
 d

ep
ressio

n
 an

d
 h

ave p
rim

arily o
ccu

rred
 in

 p
atien

ts w
ith

 p
re

-existin
g 

card
io

vascu
lar d

iso
rd

ers.  N
o

 m
ajo

r safety issu
es relate

d
 to

 8
 m

g N
alo

xo
n

e n
asal sp

ray w
ith

 2
0

%
 alco

h
o

l w
ere id

en
tified

 in
 th

e 
revie

w
. C

o
m

m
o

n
 ad

verse
 e

ven
ts fro

m
 b

o
th

 ran
d

o
m

ized
 stu

d
ies w

ere d
izzin

ess, h
ead

ach
e, p

resyn
co

p
e, ab

d
o

m
in

al p
ain

, 
asth

en
ia, an

d
 n

asal d
isco

m
fo

rt. Th
e safety p

ro
file is accep

tab
le. Th

e FD
A

 A
d

verse
 Even

t R
ep

o
rtin

g System
 can

 ad
e

q
u

ate
ly 

m
o

n
ito

r fo
r an

y lo
n

g-te
rm

 effects th
at m

ay o
ccu

r in
 a co

m
m

u
n

ity se
ttin

g.  
A

s w
ith

 o
th

er ap
p

ro
ved

 n
alo

xo
n

e p
ro

d
u

cts, th
e risk o

f acu
te

 o
p

io
id

 w
ith

d
raw

al is o
u

tw
eigh

ed
 b

y th
e b

en
efit o

f reversin
g a

 life
-

th
reate

n
in

g o
verd

o
se

. A
p

p
ro

val o
f 8

 m
g N

alo
xo

n
e

 n
asal sp

ray co
n

tain
in

g 2
0

%
 o

f alco
h

o
l in

 th
e treatm

en
t o

f kn
o

w
n

 o
r su

sp
ected

 
o

p
io

id
 o

verd
o

se in
 th

e ad
u

lt an
d

 p
ed

iatric p
o

p
u

latio
n

 is su
p

p
o

rte
d

 b
y th

e availab
le evid

en
ce

 o
f efficacy an

d
 safety

 fro
m

 a 
clin

ical p
ersp

ective
.  

  

 
B
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efit-R

isk D
im

en
sio

n
s  

D
im

en
sio

n
 

Evid
en

ce
 an

d
 U

n
ce

rtain
ties 

C
o

n
clu

sio
n

s an
d

 R
easo

n
s 

A
n

alysis o
f 

C
o

n
d

itio
n

 

K
n

o
w

n
 o

r su
sp

ected
 o

p
io

id
 o

verd
o

se is ch
aracterized

 b
y life

-th
reaten

in
g 

resp
irato

ry an
d

 cen
tral n

ervo
u

s system
 (C

N
S) d

ep
ressio

n
 th

at m
ay lead

 to
 

irre
versib

le h
yp

o
xic in

ju
ry 

O
p

io
id

 o
verd

o
se

 co
n

trib
u

tes to
 a sign

ifican
t n

u
m

b
er o

f d
eath

s th
at can

 o
ccu

r 
in

 a variety o
f settin

gs 
Th

e m
ajo

rity o
f fatalities arise in

 n
o

n
-m

ed
ical facilities  

O
p

io
id

 o
verd

o
se

 is a serio
u

s life
-

th
reaten

in
g co

n
d

itio
n

 th
at 

co
n

trib
u

tes to
 a sign

ifican
t 

n
u

m
b

er o
f d

eath
s.  
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r h
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o
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o
p
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id

s su
ch

 as fen
tan

yl an
d

 carfen
tan

yl 
Th

e p
ercen

tage o
f p

atien
ts receivin

g m
u

ltip
le n

alo
xo

n
e ad

m
in

istratio
n

s 
(M

N
A

) in
creased

 fro
m

 14
.5

%
 in

 20
1

2 to
 18

.2
 in

 20
1

5
, w

h
ich

 rep
resen

ts a 2
6

%
 

in
crease in

 M
N

A
 in

 4
 years 

P
atien

ts can
 exp

erien
ce sym

p
to

m
s 

th
at are severe

, co
n

trib
u

tin
g to

 
th

e h
igh

 m
o

rb
id

ity an
d

 m
o

rtality 
rate

s. 
Th

e recen
t rise in

 syn
th

etic o
p

io
id

 
rep

resen
ts an

 u
n

m
et m

ed
ical n

eed
 

 

C
u

rren
t 

Treatm
en

t 
O

p
tio

n
s 

Th
ere are m

u
ltip

le d
ru

gs cu
rre

n
tly ap

p
ro

ved
 b

y FD
A

 fo
r th

e treatm
en

t fo
r 

su
sp

ected
 o

p
io

id
 o

verd
o

se
 

Th
e d

u
ratio

n
 o

f an
tago

n
ists su

ch
 as N

alo
xo

n
e are gen

erally sh
o

rter th
an

 th
e 

d
u

ratio
n

 o
f actio

n
 o

f m
o

st o
p

io
id

s 
M

u
ltip

le n
alo
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r p
u

b
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ro
b
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p
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u
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 d
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g d
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 d
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e p
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p
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p
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 m
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 d
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 d
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b
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p
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 b
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e d
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 d
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r m
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b
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p
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ra
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 p
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 p
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l p
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 b
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f o
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f p
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t o
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 p
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 p
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se p

h
arm

aco
kin

etics stu
d

ies in
 h

ealth
y, 

p
ed

iatric p
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f d
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t b
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, b
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t b
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 o
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e p
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e p
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e d
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 p
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b
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 o
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f n
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 m
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e p
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e o
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b
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